The effect of the pre-ECAP heat treatment and ECAP (Equal Channel Angular Pressing) processing on the impact toughness and fracture morphology of the AlSi7Mg0.3 alloy was investigated. The pre-ECAP heat treatment (annealing at 550°C followed by quenching and ageing at 250°C) of as-cast alloy improved its ductility, which was necessary for its severe plastic deformation. The pre-ECAP heat treatment followed by ECAP processing (4 passes at room temperature using A-route) of as-cast alloy homogenized the distribution of silicon and intermetallic phase particles in the solid solution matrix and improved its impact toughness. The as-cast alloy sample was fractured mostly in brittle manner. The fracture cracks initiated and propagated mainly along eutectic particles networks. The fracture surface of ECAPed sample showed a typical ductile characteristic. The fracture propagated along and/or across banded distribution of eutectic particles and across bands of solid solution matrix.
1 Introduction Foundry AlSi7Mg0.3 alloy is widely used in the automotive industry due to its low density, very good castability, high corrosion and wear resistance, high strength at elevated temperatures and low thermal expansion [1] . However, its low ductility and toughness limits boarder applications of this alloy in practice [1] [2] [3] . There are several routes to improving this alloy toughness. These include rapid solidification, heat treatment and advanced processing techniques, e.g. severe plastic deformation (SPD). The increasing of alloy toughness can be achieved by its heat treatment and/or special unconventional processing -severe plastic deformations (SPD). Equal-channel angular pressing (ECAP) is the mostly used SPD methods to modify alloy as-cast structure. Large cumulative strains of alloy produced by this technique homogenize the eutectic Si-particles distribution and form ultrafine grains of solid solution [4] . Homogenization and refinement alloy microstructure leads to an enhancement of its strength and ductility [1 -11] . However, the formed ultra-fine grained structure and strengthening of alloy is thermally stable only up to a temperature, at which the recrystallization of solid solution grains occurs [5, 8, 12] . Taking into account a possibility of improving the impact toughness of AlSi7Mg0.3 alloy, the effect of pre-ECAP heat treatment of alloy, its ECAP processing and post-ECAP annealing on alloy microstructures and morphology of sample fracture surfaces was evaluated in this paper.
Experimental material and methods
The experimental material was commercial hypoeutectic AlSi7Mg0.3 alloy, which chemical composition is given in Table 1 . The optimal character of as-cast alloy structure was achieved by the modification of Sr on the content of 0.01 wt. % and by the inoculation of AlTi5B1 alloy on the content of 0.15 wt. % of Ti. The casting of this alloy was poured into metallic moulds with optimized cooling using the technology of gravitational pouring. The experimental cylindrical samples (10 mm in diameter and 100 mm long) were cut from the surface of the casting. Before their processing by ECAP technique, they were annealed at temperature of 550 °C for 4 hours, subsequently water quenched and artificially aged at temperature of 250 °C for 5 hours. The pre-ECAP heat treated alloy samples were 4 times passed through the ECAP die (Φ = 90°, Ψ = 37°) at room temperature using route A (without specimen rotation between each pass). The repetitive sample pressing by this route is the most effective in refinement and homogenization of this type alloy structure [2, 4, 9] . After SPD, the deformed samples were annealed at temperature of 250 °C for 2 hours to investigate the effect of post-ECAP annealing on impact toughness of alloy. This temperature was designate as temperature limit of ultrafine grained structure stability for analysed alloy [5] . The impact toughness of analysed alloy in as-cast, pre-ECAP heat treated, ECAPed and post-ECAP annealed state was evaluated by the Charpy impact test. Impact toughness samples were made from the ECAPed billets by machining along longitudinal (Y plane) direction, as it is shown in Fig. 1 . The size of the test samples was 8 mm x 4 mm in cross-section and 55 mm in length, with U-notch of 2 mm in width and 2 mm in depth. On the surface of fractured samples, the nickel coating was chemically excluded. The fracture surfaces (lines) of alloy samples were documented using the light microscope (LM), in the case of ECAPed samples in longitudinal Y plane, which is a parallel plane to the ECA-pressing direction (Fig. 1) . The metallographic samples were prepared using the common grinding and polishing methods.
Fig. 1 Scheme of sample orientation and description of X and Y planes
The fracture surfaces topography of alloy states were documented by scanning electron microscope (SEM). The chemical nature of particles that were found in alloy microstructure and the fracture surfaces was evaluated by scanning electron microscope using EDX analysis. shown Fig. 2a . In this alloy state, the eutectic Si-particles had the shape of partially grouped fibers in the centre of eutectic cells and relatively coarse irregular rod-like particles in vicinity of α-phase dendrite arms [10, 11, 13 -15] . Intermetallic phase particles were present in "Chinese script" form at interfaces of eutectic/α-phase dendrites. They were identified as the intermetallic π-(Al 8 FeMg 3 Si 6 )-phase particles [5, 11, 14] . During solution annealing of as-cast alloy state (550 °C for 4 hours), the spheroidization and coarsening of eutectic Si-particles occurred (Fig. 2b) . The intermetallic π-phase particles of irregular shape were dissolved and plate-like intermetallic manganese-enriched iron silicides α-Al 15 (FeMn) 3 Si 2 -phase particles were formed [5] . During application of the artificial aging of analyzed alloy (250 °C for 5 hours), the incoherent rod-like Mg 2 Si-phase and/or Si-particles precipitated from α-solid solution. They were homogeneously distributed in α-solid solution [5] . (Fig. 2c) and ultrafine grains of α-solid solution was formed [5, 13] . The annealing (at 250°C) of ECAPed alloy did not affect the size and distribution of eutectic Siparticles and intermetallic α-Al 15 (FeMn) 3 Si 2 -phase particles in alloy solid solution (Fig. 2d) .
Impact toughness and fracture surfaces topography of alloy states
The impact toughness of the as-cast state of AlSi7Mg0.3 alloy was 3.1 J.cm -2 . The low impact toughness of as-cast alloy state was attributed to its decreased strength and plasticity [5, 15] . It
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was observed by the optical microscopy ( Fig. 2a) that the fracture cracks initiated and propagated along eutectic silicon particles networks and intermetallic phase particles. The area of the fractured surface had low plastic deformation trace. The as-cast sample was fractured mainly in brittle manner and showed a rough fracture surface due to the network of eutectic phase particles in the interdendritic regions, as shown in Fig. 3a . Cracked eutectic silicon and intermetallic phase particles were observed on fracture surfaces. EDX analysis (Fig. 5a) confirmed that platelets on fracture surface (Fig. 3a, arrow marked) were intermetallic π-(Al 8 FeMg 3 Si 6 ) phase particles. In some regions, the linkage of microcracks occurred by ductile failure of the solid solution dendrites and the ductile fracture with very fine dimples was formed in these regions of the sample fracture surface (Fig. 3b) . The pre-ECAP heat treated alloy exhibited higher impact toughness than the as-cast alloy state, because of reducing the embrittling effect of eutectic particles network [5] . It increased from 3.1 J.cm -2 to 11.7 J.cm -2 due to the number of the eutectic silicon and intermetallic particles per unit area decreasing. The sample was fractured again along interfaces of eutectic cells and α-phase dendrites, as shown Fig. 2b . Based on the dimple morphology of sample fracture surface, the failure mechanism was identified as a ductile fracture. It has been found that the voids are initiated mainly at spheroidized eutectic silicon particles. Moreover, a few small platelets (Fig. 4a, arrow marked) were observed on fracture surfaces. The EDX spectra (Fig. 5b) revealed that the platelets were probably the intermetallic α-Al 15 (FeMn) 3 Si 2 phase. Due to the redistribution of the eutectic silicon and intermetallic particles and the ultrafine grained solid solution formation, the ECAP processing of analysed alloy enhanced its strength [5] . However, compared with the pre-ECAP heat treated alloy, the alloy impact toughness did not change and reached 11.8 J.cm -2 , because the alloy strain hardening reduced its ductility. The main crack in the ECAPed alloy sample propagated along (Fig. 2c, arrows  marked) and/or through the bands of eutectic silicon particles and through the α-solid solution regions between bands of silicon particles, as shown Fig. 2c . The fracture surface of this sample shows a typical ductile characteristic with many dimples that initiated mainly at eutectic silicon particles, as shown in Fig. 6 . The terraces observed on the fracture surface (Fig. 6a , arrow marked) were formed due to deformation and fracture along rows of eutectic silicon particles. Post-ECAP annealing at 250°C softened a severely deformed alloy [5] . The sample annealed after ECAP exhibited higher impact toughness than the ECAPed sample. The impact toughness increases from 11.8 J.cm -2 to 15.9 J.cm -2 . From the comparison of Fig. 2c and Fig. 2d , it becomes obvious, that the annealed sample was fractured in the same manner as ECAPed sample. The fracture tended again to proceed along (Fig. 2d, arrows marked) or across the bands of eutectic particle and across the α-solid solution bands. The whole fracture surface of annealed sample exhibited plastic deformed traces, showing a ductile fracture surface (Fig. 7a,b) .
Conclusions
The low impact toughness of as-cast alloy state (3.1 J.cm -2 ) is attributed to its decreased plasticity. The as-cast alloy sample was fractured mostly in brittle manner, because the fracture cracks initiated and propagated mainly along eutectic silicon and intermetallic particles networks. The pre-ECAP heat treatment followed by ECAP processing of alloy homogenized the distribution of silicon and intermetallic phase particles in the solid solution matrix. The impact toughness of severely deformed alloy state was 11.8 J.cm -2 , which was four times higher than the value of the as-cast alloy state. The fracture surface of ECAPed sample showed a typical ductile characteristic with many dimples. The fracture tended to propagate along or across formed eutectic particle bands and across the α-solid solution bands. The post-ECAP annealing increased slightly the impact toughness of the ECAPed alloy, but did not affect its fracture surface morphology significantly.
